Background: Local field potentials may allow a more precise analysis of the brain electrical activity than the electroencephalogram. In this study, local field potentials were recorded in the thalamocortical axis of rats to (i) compare the performance of several indexes of anesthetic depth and (ii) investigate the existence of thalamocortical correlated or disrupted activity during isoflurane steadystate anesthesia. Methods: Five rats chronically implanted with microelectrodes were used to record local field potentials in the primary somatosensory cortex and ventroposterolateral thalamic nuclei at six periods: before induction of anesthesia; in the last 5 min of randomized 20-min steady-state end-tidal 0.8, 1.1, 1.4, and 1.7% isoflurane concentrations; and after recovery. The approximate entropy, the index of consciousness, the spectral edge frequency, and the permutation entropy were estimated using epochs of 8 s. A correction factor for burst suppression was applied to the spectral edge frequency and to the permutation entropy. The correlation between the derived indexes and the end-tidal isoflurane was calculated and compared for the two studied brain regions indexes. Coherence analysis was also performed. Results: The burst suppression-corrected permutation entropy showed the highest correlation with the end-tidal isoflurane concentration, and a high coherence was obtained between the two studied areas. Conclusions: The permutation entropy corrected with the classic burst suppression ratio is a promising alternative to other indexes of anesthetic depth. Furthermore, high coherence level of activity exists between the somatosensory cortical and thalamic regions, even at deep isoflurane stages.
T HERE are several indexes of anesthetic depth developed to translate the information of the complex electroencephalogram signal into a number. However, the electroencephalogram reflects noisy overlapping of activity from different brain regions 1 and only its lower frequency components (below 30 Hz) are normally analyzed because of potential electromyographic activity interferences. 2 Intracranial techniques, such as the local field potentials (LFPs), are not contaminated by electromyographic activity and allow the analysis of higher frequencies, such as the ␥-band. Thus, the effect of anesthetics on the brain could be more accurately reflected on the LFPs than on the electroencephalogram, allowing a more precise analysis of the performance of anesthetic depth indexes.
LFPs represent the extracellular low-frequency summed postsynaptic potentials from local cell groups and have been applied in neurophysiology studies to record the electric signal from specific brain areas. [3] [4] [5] By recording thalamocortical LFPs, it is possible to compare the activity in the cortical and thalamic neurons and answer the controversy regarding which region is responsible for anesthetic-induced unconsciousness, the cortex 6, 7 or the thalamus. 8, 9 These structures are densely and reciprocally interconnected, 10 -13 even during quiet physiologic sleep, 10 but it is not known whether this connection is interrupted by anesthetics. 14 The use of electroencephalogram-derived indexes to analyze LFPs is a strong tool to address these questions. The most recently investigated indexes of anesthetic depth are the approximate entropy (AE), the permutation entropy (PE), [15] [16] [17] and other commercial monitors such as the most recently introduced index of consciousness (IoC). 18 On the other hand, classic spectral edge frequency (SEF) is mathematically simpler and has been suggested to adequately reflect depth of anesthesia from the electroencephalogram of rats, when corrected for the burst suppression (BS) ratio. 19 In this study, LFPs were recorded in isoflurane-anesthetized rats with two main objectives: (i) to compare the performance of the more recently introduced indexes of anesthetic depth and (ii) to investigate the existence of thalamocortical correlated or disrupted activity during isoflurane steady-state anesthesia.
Materials and Methods

Subjects
Five adult male Sprague-Dawley rats weighing between 350 and 400 g were used in this study. The rats were maintained on a 12-h light and dark cycle, with ad libitum access to food and water. All procedures and experiments were conducted in compliance with the Ethical Guidelines for Animal Experimentation and Animal Care Committee imposed by the European Community Directive Number 86/609/ECC, November 24, 1986 , and approved by the national regulatory office (Direcção Geral de Veterinária-DGV, Lisboa, Portugal) under the title "Melhorias das técnicas anestésicas e analgésicas em animais de laboratório de 21 de Outubro de 2003," and the project was approved by the Foundation for Science and Technology with the number POCI/CVT/ 59056/2004 and the same name.
Surgery
At least 7 days before the experiment, the rats were anesthetized with an intramuscular injection of a mixture of xylazine and ketamine (10 and 60 mg/kg, respectively). Anesthesia was maintained with additional injections of ketamine (onethird of the initial doses). A fresh gas supply of oxygen was delivered during the procedure by a facemask. Depth of anesthesia was assessed by regularly testing the corneal blink, hind paw withdrawal, and tail-pinch reflexes. Core body temperature was measured with a rectal thermometer and maintained at 37°C by a homeothermic blanket system. Animal heads were shaved and cleaned by using a triple application of alcohol (70% v/v) and betadine. A midline subcutaneous injection of 0.3 ml of 1% lignocaine (B Braun, Melsungen, Germany) was applied to the scalp for local analgesia. Anesthetized animals were secured in a stereotaxic frame using ear bars, and a midline incision was made caudally to the animal's eyes and ending between ears. The connective tissue was blunt dissected from skull, and the top of the skull was exposed and cleaned by using hydrogen peroxide. After the scalp was excised, holes were bored in the skull for four to five screws and for two microelectrode arrays (4 ϫ 4-mm portion). These screws were used for securing probes and for grounding purposes. The skull was covered with mineral oil. Just before the implantation, microelectrode array filaments were cut to the ideal length, using a sharp pair of scissors, and then soaked in a saturated solution of sucrose. Each microelectrode array included eight filaments (one array per area) and isonel-coated tungsten wire (35 m in diameter) (California Fine Wire Company, Grover Beach, CA) with impedances varying between 0.5 and 0.7 M[Omega] at 1 KHz. The microelectrode arrays were constructed in 4 ϫ 2 architecture (1-2; 3-4; 5-6; 7-8 channels), interspaced 250 m between lines and 450 m between columns ( fig. 1A ). The arrays were oriented rostrocaudally and mounted in the holder of a hydraulic micropositioner (FHC Inc., Bowdoin, ME) and subsequently slowly driven (50 m/min) into the primary somatosensory cortex (SI) and ventroposterolateral (VPL) after dura mater removal. The following coordinates in millimeters relative to Bregma 20 were used to center the arrays: SI (Ϫ2.5 rostro-caudal, ϩ2.5 mediolateral, and Ϫ1.6 dorsoventral) and VPL (Ϫ3.1 rostrocaudal, ϩ3.2 mediolateral, and Ϫ6.4 dorsoventral). The location of the electrodes within SI and VPL was verified by mapping the neuronal responses elicited by tactile stimulation of the correspondent peripheral hind paw receptive field. After electrodes were placed in the correct position, the craniotomy was sealed with a layer of agar (4% in saline), and they were cemented to skull screws by the use of dental acrylic. 21 In the end of the implantation, the animal was transferred to a recovery cage. The analgesic carprofene (5-10 mg/kg) (Rimadyl; Pfizer Animal Health, Lisboa, Portugal) and the antibiotic amoxiciline (6 mg/kg) (Clamoxyl; Pfizer Animal Health) were administered subcutaneously every 24 h during 2 or 3 days. Rats were allowed to recover for 1 week before the recording sessions began.
Histology
After the end of all experiments, the rats were deeply anesthetized with ketamine and xylazine mixture, and the recording site was marked by injecting direct current (10 -20 A for 10 -20 s) through one microwire per matrix group, marking the area below the electrode tips. After this step, the animals were perfused through the heart with 0.01 M phosphate buffer (pH ϭ 7.2) in 0.9% saline solution followed by 4% paraformaldehyde. The brains were removed and postfixed in 4% paraformaldehyde during 4 h and then stored in 30% sucrose before they were frozen and sectioned into 60-m slices. The sections were stained to identify the recording site under the microscope. This technique, in conjunction with careful notation of electrode movements during implantation surgery, allowed localization of all recording sites ( fig. 1B ).
Isoflurane Anesthesia Studies
To reduce stress during induction, animals were placed in the induction chamber, connected to the data recording cables, and oxygen was administered several days before the experiment. This allowed animals' acclimatization to the induction chamber and instrumentation. On the testing day, neuronal recording started 5 min before induction of anesthesia. Anesthetic induction was performed with 4% isoflurane (isoflu-rane; Abbott, Amadora, Portugal) in 5 l/min of 100% oxygen. After loss of the righting reflex and evaluation of changes in respiratory rate, the animal was transferred to a smaller chamber placed above an homeothermic blanket (Harvard Apparatus, Edenbridge, Kent, United Kingdom), which also recorded the animal's temperature by a rectal probe. A purpose-built hole in the chamber allowed the passage of the LFP signals recording cable. A gas sensor, connected to an anesthetic agent monitor (Capnomac II; Datex Ohmeda, Helsinki, Finland) was placed inside the chamber at the level of the rat's nose. The animal was positioned with the head turned to the inflow port in ventral recumbence. The endtidal isoflurane (etISO) concentration was stabilized at 0.8, 1.1, 1.4, and 1.7% concentrations for 20 min to allow equilibration between inspired and end-tidal concentration, according to a predetermined randomized sequence for each animal. These concentration stages were named as 0.8, 1.1, 1.4, and 1.7.
During the experiments, the animals breathed spontaneously, and the respiratory frequency was monitored every 5 min. In the end of the last isoflurane concentration stage, the animal was transferred to the induction chamber, where oxygen was delivered, and the recording continued for 5 min after the animal recovered its righting reflex.
LFP Recording and Processing
LFPs represent the extracellular low-frequency current flow that reflects the linearly summed postsynaptic potentials from local cell groups around the microelectrode. This type of neural signal has a temporal structure mainly in the fre-quency of 0 -100 Hz. Extracellular LFP activity was recorded from the implanted microwires and processed by using a 16-channel Multineuron Acquisition Processor (Plexon Inc., Dallas, TX). LFP signals recorded from electrodes were preamplified (500ϫ), filtered (0.5-400 Hz), and digitized at 1,000 Hz using a Digital Acquisition card (NIDAQ; National Instruments, Austin, TX) and sent to the 16-channel Multineuron Acquisition Processor system. Only two LFP channels per array per area were recorded and considered for posterior analysis (channel 3 [medial] and channel 6 [lateral]). The LFP frequencies analyzed ranged from 1 to 100 Hz.
Data were validated by offline analysis using NeuroExplorer 4 (Plexon Inc.) and exported to MatLab R14 (Version 2008a) for complementary analysis (MathWorks, Natick, MA). Calculation of AE, PE, SEF, and BS Ratio. The LFP sampling frequency was first decreased to 250 Hz. All four parameters were derived from epochs of 8 s from the mean of the two cortical channels and the mean of the two thalamic channels.
The AE and the PE were computed according to the published algorithms. 15, 22 The AE measures the predictability of a time series. There are three essential parameters on its calculation: the embedding dimension (m) that refers to the number of points used for prediction, the number of samples considered for each calculation (N), and a noise threshold (r). These parameters and the AE algorithm are explained in more detail in the literature. 15, 22 Studies carried out by Bruhn et al. 22 showed that the AE yielded the highest pre- diction probability with desflurane effect site concentration using m ϭ 2, r ϭ 0.2, and an epoch length equal or higher than 1.024 points. N ϭ 2,000, m ϭ 2, and r ϭ 0.2 were selected in our study for AE calculation.
The PE is a method for ordinal time series analysis. It analyzes consecutive subvectors of constant length (m) in the analyzed signal interval (length, N). Then, it orders the samples in every subvector according to their amplitude and defines permutations of order m (m!). The parameter value is given by the resultant normalized probability distribution of the obtained permutations, using the Shannon entropy formula. In this study, we used m ϭ 3 and N ϭ 2,000. A more detailed description of the PE calculation can be found in the published works. [15] [16] [17] The SEF that consists of the power spectrum in the 95% quantile was also calculated and was corrected for the presence of BS patterns according to the correction factor proposed by Rampil 23 for human electroencephalogram studies. The same correction factor was applied to PE, calculated as follows: BS-corrected PE ϭ PE ϫ (1 Ϫ BS/100), where the BS is defined as the epoch length in which the LFP voltage did not exceed 50 V.
Calculation of the IoC. The IoC was derived from the signal using an executable file provided by the manufacturer (Aircraft Medical, Barcelona, Spain). Its calculation is based on the symbolic dynamics method that transforms a time series into a symbol sequence that can reveal the nonlinear characteristics of the electroencephalogram. It also integrates the ␤-ratio (frequency range between 11 and 42 Hz) during superficial anesthesia and the amount of suppression of the electroencephalogram (equivalent to the BS). Similar to entropy methods, this method also expresses the complexity of the signal that makes it a correlate to the depth of anesthesia. In humans, decreasing values of IoC correspond to a gradual loss of consciousness and a deepening of the level of anesthesia. In a unitless scale from 99 to 0, an index of 99 indicates an awake patient and an index of 0 indicates a flat electroencephalogram. More details on its calculation were recently published. 18 Spectral Analysis. Spectrogram analysis was used to visualize LFP power at different frequency bands as a function of time for each etISO concentration ( fig. 2) . LFP spectrograms were computed in NeuroExplorer (Version 4, Plexon Inc.), with a 0.5-Hz spectral resolution and a 100-ms temporal resolution, using a 512-point fast Fourier transform and a 50-ms Hanning window. The power was normalized by the logarithm of the power spectral density (in decibel) and a smoothing was applied (Gaussian filter, width ϭ 3).
The power spectra of cortical (P xx ) and thalamic (P yy ) LFP signals were calculated between 1 and 100 Hz by fast Fourier transform (512 point) of nonoverlapping 1-s epochs (Hanning window). Data are shown as the percentage of total power spectral density within each considered frequency band: ␦ (1-4 Hz), (4 -9 Hz), ␣ (9 -15 Hz), ␤ (15-30 Hz), ␥-low (30 -50 Hz), and ␥-high (50 -100 Hz) (figs. 3A and B).
Coherence K xy ϭ ( P xy 2 /(P xx P yy ) for two signals, x and y, is equal to the average cross power spectrum (P xy ) normalized by the averaged power spectra of the signals. This technique was used to measure the strength of the linear relationship at every frequency band 24 between the cortical and thalamic LFP signals across each etISO concentration ( fig. 3C ). Its value lies between 0 and 1, where K xy ϭ 0 means phases are eventually dispersed, and high coherence (K xy ϭ 1) means phases of signals x and y are identical.
Intervals of 5 min were used to calculate signal power spectral density and coherence (K xy ). Isoflurane stages were calculated during the last 5 min, 5 min before anesthesia induction, and 5 min after anesthesia recovery.
Statistical Analysis
Data resultant from the LFP processing were exported from MatLlab to Graphpad Prism (Version 5; GraphPad Software Inc., San Diego, CA) for statistical analysis. The Kolmogorov-Smirnov test was used to determine whether datasets were normally distributed. The correlation between the studied indexes AE, IoC, SEF, PE, BS-corrected SEF, BS-corrected PE, and the etISO was calculated using the Spearman rank correlation coefficient (r), with data from all animals. Statistical comparisons for the derived indexes, between animals and between SI and VPL channels (including comparisons of the r values) were made using the Mann-Whitney and the Wilcoxon matched-pairs tests, respectively. Oneway repeated-measures ANOVA with Bonferroni post hoc was used to address the existence of significant differences in the spectral frequency bands of the LFP signal at the different study periods.
Results
Spontaneous intracranial LFP activity was recorded from the SI and VPL of awake and anesthetized rats (n ϭ 5).
Six indexes of anesthetic depth were derived from the SI and VPL recordings: the AE, the IoC, the SEF, the PE, the BS-corrected SEF, and the BS-corrected PE. The values of the indexes, at each study period, for the five rats are pre- sented in figure 4 . The Spearman rank correlation coefficient (r) between the indexes and the etISO concentration was calculated for the indexes derived from the SI and the VPL and compared (table 1) .
The indexes tended to decrease similarly with increasing concentrations of etISO, except the SEF and PE. Both SEF and PE decreased from the period before induction to the period 0.8 but increased paradoxically with higher etISO concentrations, as shown in figures 4C and D. When the correction factor for BS was applied, both parameters decreased monotonically with increasing etISO concentrations (figs. 4E and F).
Comparisons between the SI and VPL revealed significant differences only in the AE (1.4 and 1.7; P Ͻ 0.05), PE (0.8, 1.1, 1.4, and 1.7; P Ͻ 0.05), and BS-corrected SEF (0.8, 1.1, and 1.4; P ϭ 0.0025). No significant differences were found between the r values of the SI-and VPL-derived indexes (P ϭ 0.089), although the indexes derived from the SI tended to have higher r values with the etISO (table 1). A correlation was found between AE and BS (r ϭ Ϫ0.73; P Ͻ 0.001).
Data obtained from a representative recording are given in figure 2 . The visual inspection of the raw LFPs confirmed that large signal amplitude oscillations were developed simultaneously in both recording areas during all anesthesia concentrations ( fig. 2A ). In addition, anesthetic induced changes in the signal power in the frequency range considered (1-100 Hz) ( fig. 2B) .
The LFP signal power spectral density over all experimental conditions is shown in figures 3A and B. The statistical comparison of the signal power of each considered frequency band between the two recorded areas revealed that no differences were present for ␦ (F(5,40) ϭ 0.0136, P ϭ 0.99), ␥-low (30 -50 Hz) (F(5,40) ϭ 0.3789, P ϭ 0.8692), and ␥-high (50 -100 Hz) (F(5,40) ϭ 0.8445, P ϭ 0.5264) bands. However, analysis of variance showed differences for (F(5,40) ϭ 6.033, P ϭ 0.0003), ␣ (9 -15 Hz) (F(5,40) ϭ 3.698, P ϭ 0.0076), and 32 ␤ (15-30 Hz) (F(5,40) ϭ 3.124, P ϭ 0.0179) bands, with the signal power on the and ␤ bands being higher on the SI and the signal power of the ␣ band higher on the VPL.
ANOVA in the case of SI recordings data showed that signal power changed across the increase of the anesthetic (␦, F(5,24) ϭ 10.78, P Ͻ 0.0001; , F(5,24) ϭ 13.69, P Ͻ 0.0001; ␣, F(5,24) ϭ 11.47, P Ͻ 0.0001; and ␥-high, F(5,24) ϭ 4.356, P ϭ 0.0058). The exception was encountered for ␥-low frequency band (30 -50 Hz) (F(5,24) ϭ 1.213, P ϭ 0.333). In addition, post hoc analysis showed that ␦ increased and and ␥-high power decreased between the period before induction and 0.8% etISO states (Bonferroni, P Ͻ 0.001, P Ͻ 0.001, and P Ͻ 0.05).
On the other hand, in the case of VPL recordings, data showed that the power of ␦ (F(5,24) ϭ 10.88, P Ͻ 0.0001), (F(5,24) ϭ 4.761, P ϭ 0.0037), ␣ (F(5,24) ϭ 9.062, P Ͻ 0.0001), ␤ (F(5,24) ϭ 5.055, P ϭ 0.0026) frequency bands changed with the increase of the anesthetic. However, no differences were encountered for ␥ band (␥-low, F(5,24) ϭ 1.885, P ϭ 0.1345; ␥-high, F(5,24) ϭ 1.760, P ϭ 0.15). Post hoc analysis showed that ␦ power increased after anesthesia induction and decreased (Bonferroni, P Ͻ 0.01 and P Ͻ 0.05, respectively).
Coherence measurements between simultaneously recorded SI-VPL channels clearly showed high values of coherence activity across all the frequency bands analyzed ( fig.  3C ). Moreover, analysis of variance revealed no significant differences in SI-VPL activity coherence between unanesthetized and anesthesia periods (␦, F(5,24) ϭ 0.7585, P ϭ 0.5900; , F(5,24) ϭ 1.302, P ϭ 0.3027; ␣, F(5,24) ϭ 1.233, P ϭ 0.3306; ␤, F(5,24) ϭ 1.433, P ϭ 0.2557; ␥-low, F(5.24) ϭ 1.226, P ϭ 0.3336; ␥-high, F(5,24) ϭ 0.7522, P ϭ 0.5943).
Discussion
LFPs may allow a more precise analysis of the brain electrical activity than the electroencephalogram. In this study, LFPs were recorded in the thalamocortical axis of rats to (i) compare the performance of several indexes of anesthetic depth and (ii) investigate the existence of thalamocortical correlated or disrupted activity during isoflurane steady-state anesthesia. The use of electroencephalogram-derived indexes to analyze LFPs was a strong help for the interpretation of the results obtained for the second objective.
Two main results were obtained with this study: (i) the BS-corrected PE had the best correlation with steady-state etISO concentration and (ii) high coherence activity exists between the cortical and thalamic regions during steady-state anesthesia, even at deeper stages.
Both the SEF and the PE values decreased from the awake state to 0.8% isoflurane etISO concentration but paradoxically increased when higher concentrations were used. This phenomenon is well described for the SEF in electroencephalographic signals and is assumed to be caused by the appearance of the BS pattern. 23, 25 This paradoxical increase was also seen in the spectral analysis, with increasing spectral power on the , ␣, and ␤ bands with increasing etISO concentration. A similar paradoxical increase occurred in PE in humans anesthetized with sevoflurane. 15, 17 The inclusion of a BS component in the PE would, therefore, contribute to the improvement of the parameter, 15 and the correction applied in this study seems appropriate to adapt the PE for deeper anesthetic states.
There was no correction necessary to achieve an adequate association between AE and etISO concentration. This parameter seems to correctly classify the BS pattern, which is in accordance to previous findings in humans 26 and rats. 19 However, AE has the drawback of being very sensitive to artifacts. In the study by Ihmsen et al., higher etISO concentrations were achieved (a maximum of 2.1%) and the AE did not decrease to values lower than 0.4, whereas in this study lower values were achieved with etISO concentration of 1.7%. This may be due to the presence of residual noise during BS pattern in the study by Ihmsen et al., which could have been classified as brain activity by AE. In our study, with a cleaner signal from intracranial recordings this situation could be avoided. The IoC 18 had an acceptable performance in detecting the effects of different isoflurane concentrations in the LFPs. It is a proprietary monitor and its exact calculation algorithm is not published. However, it is known that, as other commercial monitors, it has a BS component. The lower correlation value obtained with the IoC, when compared with BS-corrected PE, BS-corrected SEF, and AE, could be related to the fact that its algorithm is adjusted for the human electroencephalogram and the BS limit might Correlation coefficients (Spearman rank r) for the studied parameters: approximate entropy (AE), index of consciousness (IoC), permutation entropy (PE), burst suppression-corrected permutation entropy (BSPE), spectral edge frequency 95% (SEF), and burst suppression corrected spectral edge frequency (BSSEF).
The r values calculated from pooled data of all rats indexes derived from the primary somatosensory cortex (SI) and ventroposterolateral thalamic nuclei (VPL) are presented. Correlations were considered statistically significant with P Ͻ 0.05; correlation was not statistically significant (NS) at the 0.05 level.
need an adaptation for this type of signal to achieve a better performance. Its major drawback is being proprietary, which makes it impossible to adapt the algorithm to the type of signal and species. On the other hand, the other three parameters (AE, SEF, and PE) have a greater advantage of having published algorithms thereby allowing its continuous improvement. The calculation of the SEF is very simple relying only on frequency changes. Its major problems are the sensitivity to artifacts and the need for a correction for BS. With this correction, it seems to be able to classify different anesthetic depths, with a correlation with the anesthetic concentration even better than the AE in this study. The type of signal analyzed here represents a relevant difference to previous studies comparing anesthetic depth indexes. No artifact-filtering systems were applied before deriving the indexes and only a 50-Hz notch filter was applied because, contrary to the electroencephalogram, the LFPs do not suffer interference from the electromyographic activity. This way, the ␥-band oscillations could be preserved, which are known to be important markers of the conscious state. 2 In this study, the ␥-band power decreased from the awake to the anesthetized state, but this decrease was only significant in the SI. This may be due to the association of the ␥ oscillations to cortical conscious activity 2 and may be the reason for the higher correlation coefficients with the etISO concentration obtained with the SI indexes. Significant differences between the two areas were found for the , ␣, and ␤ bands. This could also be related to the different origins of these rhythms: while the spindle activity (14 Hz) is generated on the thalamus 10 and may increase the power in the ␣ band (9 -15 Hz), the ␤ rhythms (15-30 Hz) generated by corticocortical interactions caused higher power on the SI. 14 The BS pattern simultaneously appeared in the SI and VPL and was highly synchronized, as previously suggested. 27 Although there was a tendency for the correlation coefficients from the SI indexes to be higher than those from the VPL indexes, the difference was not statistically significant. It could be expected that the SI indexes had a better correlation with the anesthetic concentration, because they were developed to analyze the electroencephalogram that reflects mainly the cortical activity, contrary to previous findings with neuroimaging techniques in humans. 28 But this result together with the high coherence obtained between the two areas may indicate that the cortical and thalamic neurons remain connected to some extent during steady-state anesthesia. Our results support the existence of a "permanent corticothalamic dialogue" during steady-state anesthesia, as has been suggested for quiet physiologic sleep. 10 However, the existence of a separate role of the cortex 6, 7 or the thalamus, 8, 9 as targets of anesthetic effects, cannot be clarified with the present results because the dynamic phases of anesthesia were not studied but only steady-state effects. These results are in accordance with the ideas that loss of consciousness may not necessarily require that talamocortical neurons are inactivated 10, 11 and that anesthesia causes a drop in ␥-frequency power. 2, 11 According to the information or integra-tion theory proposed by Alkire et al., 11 anesthetic-induced unconsciousness presupposes two mechanisms: (1) a loss of information capacity reflected by reduction in the number of electrophysiological patterns with increasing anesthetic depth and (2) a loss of integration capacity reflected by an interruption in the interactions between brain structures. Although this study does not reveal a disruption in the thalamocortical interactions, it may support the loss of information idea, because a decrease in the electrophysiological patterns was observed, shrinking to the stereotypic BS pattern at deeper stages.
Meanwhile, these results do not guarantee the existence of equal activity in both areas, because output neuronal activity is not contemplated on the LFPs, but only slower postsynaptic activity. Nevertheless, this animal preparation is a promising method for future investigations on the mechanisms of anesthetic action, especially by analyzing the dynamic phases of anesthesia, at induction and recovery and including other recording techniques such as multiunit recordings. Also, by knowing how the SI and VPL neurons interact during steady-state anesthesia, it will be easier to draw conclusions on the effects of intraoperative noxious stimuli and analgesic administration on pain processing by the somatosensory system, with the same animal preparation. 29 LFP recordings performed in this study resulted in two main conclusions: (i) the PE corrected with the classic BS ratio is a promising alternative to other indexes of anesthetic depth and (ii) data showed high coherence level of activity between cortical and thalamic regions, even at deep isoflurane stages.
